We describe two cases of bacteremic infections caused by a multidrug-resistant Klebsiella pneumoniae isolate producing the OXA-48 carbapenemase that occurred in two solid organ transplant (liver and kidney) recipients, which was apparently transmitted with the allografts. This finding underscores the risk of donor-derived infections by multidrug-resistant Gram-negative pathogens in solid organ transplant recipients and emphasizes the need for rapid screening of organ donors for carriage of similar pathogens.
ase 1. A 43-year-old patient with a history of chronic renal failure, HIV and hepatitis C virus (HCV) positivity, and drug addiction underwent a kidney transplantation at the University Hospital of Varese (northern Italy). Ampicillin-sulbactam was given for surgical prophylaxis and discontinued after 48 h. Six days after the transplantation procedure, the patient was febrile, and blood cultures revealed bacteremia caused by a Gram-negative rod. Empirical treatment with meropenem (1 g after dialysis) and gentamicin (240 mg in a single dose) was started. The isolate (HB1) was reported as Klebsiella pneumoniae producing extendedspectrum ␤-lactamase (ESBL), resistant to fluoroquinolones, expanded-spectrum cephalosporins, and ertapenem, but susceptible to meropenem, aminoglycosides, colistin, and tigecycline. Upon receipt of the susceptibility data, the treatment was de-escalated to meropenem only, in consideration of a delayed functional recovery of the transplanted kidney. Subsequent blood cultures yielded negative results, but meropenem treatment was continued since K. pneumoniae isolates with the same resistance profile as HB1 were repeatedly isolated from the surgical site, which eventually underwent dehiscence. The transplanted kidney did not exhibit functional recovery and was explanted 1 month after transplantation. Thereafter, the surgical site continued to yield K. pneumoniae with the same resistance profile as HB1. The patient was voluntarily discharged 1 week after allograft explantation, against medical opinion, and was lost at the follow-up. It should be noted that a K. pneumoniae isolate with the same resistance profile as HB1 (isolate CM1) had been isolated from the kidney preservation fluid at the transplantation center. This finding had been reported after the kidney transplantation procedure was completed but at that time was not considered to be significant.
Case 2. A 63-year-old patient with a history of hepatocarcinoma in HCV-related cirrhosis underwent liver transplant at the Mediterranean Institute for Transplantation and Advanced Specialized Therapies of Palermo (southern Italy). The transplantation was carried out on the same day as that of case 1, and the organ was from the same donor. Ampicillin and cefotaxime were given for surgical prophylaxis and discontinued after 72 h. Four days after the transplantation procedure, the patient was febrile, and piperacillin-tazobactam (4.5 g three times a day [t.i.d.]) was started empirically in combination with gentamicin (300 mg) and vancomycin (1 g) given once. Bacteremia caused by a Gram-negative rod was detected in a central venous catheter-derived blood culture taken 5 days after transplantation, and colistin (1,000,000 U t.i.d.) was added in consideration of the knowledge that the organ donor was colonized by a multidrug-resistant (MDR) Acinetobacter isolate (described below). The isolate (GP1) was reported as K. pneumoniae with an MDR phenotype overall similar to that of HB1 and CM1. K. pneumoniae isolates with the same resistance profile were also obtained from subsequent blood cultures and from samples taken from the surgical wound and from the abdominal drainage fluid. Upon receipt of the susceptibility data, the treatment was shifted to meropenem (1 g t.i.d.) plus gentamicin (240 mg once a day) for 5 days. Meropenem was then replaced with ertapenem (1 g once a day), and antibiotic treatment was prolonged for one more week. The rationale for replacing meropenem with ertapenem at this time was not explained. Fever subsided, and infection was successfully treated. Two months after transplantation, the patient underwent a retrograde cholangiopancreatography (RCP) for treatment of an anastomotic biliary stenosis. The biliary aspirate yielded a K. pneumoniae isolate (GP2) with a similar resistance pattern to GP1, but no further antibiotic treatment was administered. Six months after transplantation, another RCP was carried out. On that occasion, no K. pneumoniae isolate was cultured from the biliary aspirate, which yielded one isolate each of Escherichia coli, Proteus mirabilis, and viridans group Streptococcus.
Organ donor. The organ donor was a 52-year-old subject from southern Italy, who died after cranial trauma and who (i) had a history of pulmonary tuberculosis (at 32 years of age) with negative results for the presence of acid-fast bacilli in respiratory secretions and no signs of active tuberculosis, (ii) had a record of promiscuous sexual behavior, (iii) tested negative for HbsAg, hepatitis B virus (HBV) DNA, anti-HCV antibodies, HCV RNA, anti-HIV antibodies or p24 antigen, and HIV RNA, and (iv) was colonized by a carbapenem-resistant Acinetobacter (CRA) isolate in the respiratory tract. Blood and urine cultures, taken on the same day of organ explantation, were negative. The liver and the kidney were harvested by the same surgical team and placed in different containers with preservation fluid. Altogether, the donor was considered at "increased" risk for infection transmission, according to the Italian and Council of Europe Guidelines (1), limiting the potential recipients to HIV-positive subjects or clinical emergencies. Due to the reported colonization by CRA of the donor, serial blood culturing was recommended in the organ recipients after transplantation, although the risk for transmission for this MDR pathogen was considered negligible.
Characterization of the K. pneumoniae isolates. The isolates HB1, CM1, GP1, and GP2 were available for further analysis. Identification as K. pneumoniae was confirmed by matrix-assisted laser desorption ionization-time of flight (MALDI-TOF) mass spectrometry (Vitek-MS; bioMérieux, Marcy l'Etoile, France). MICs of the isolates were determined by reference broth microdilution (2), and results were interpreted according to the EUCAST breakpoints (EUCAST breakpoint tables for interpretation of MICs and zone diameters, version 4.0, 2014; http://www.eucast .org). The resistance profiles of the isolates were very similar, including ␤-lactamase inhibitor combinations, expanded-spectrum cephalosporins, ertapenem, fluoroquinolones, and trimethoprim-sulfamethoxazole. The isolates were intermediate to imipenem but remained susceptible to meropenem (although MIC values were close to the susceptibility breakpoint), aminoglycoside, colistin, and tigecycline (Table 1 ). All isolates tested positive for ESBL production by disk synergy testing and for carbapenemase production by modified Hodge test (3, 4), while neither EDTA nor boronate showed synergistic activity with meropenem in disk synergy testing (5) .
The presence of acquired ␤-lactamase genes was determined by a DNA microarray followed by PCR and sequencing, as described previously (6) . This analysis revealed the presence of the bla OXA-48 carbapenemase gene, the bla CTX-M-15 ESBL gene, and the bla TEM-1 broad-spectrum ␤-lactamase gene in all isolates.
Characterization of the four isolates by pulsed-field gel electrophoresis (PFGE) profiling of genomic DNA digested with XbaI (7) revealed an identical profile (Fig. 1) . Multilocus sequence typing (MLST) (8) of the four isolates revealed that all belonged in sequence type 16, a clonal lineage reported in several countries (e.g., Canada, Brazil, and Spain) and found to be associated with clinically relevant ␤-lactamases, including NDM-1, KPC-2, and OXA-48 (9-11).
Infections caused by multidrug-resistant (MDR) bacteria are a major emerging challenge. The problem is particularly serious with carbapenemase-producing Enterobacteriaceae (CPE), which usually exhibit extended-drug-resistance phenotypes and remain susceptible to only a few antibiotics (12, 13) .
Solid organ transplant (SOT) recipients are at increased risk of developing infections caused by MDR bacteria due to a number of risk factors inherent to these patients, including immunosuppression, invasive procedures, and prolonged exposure to the hospital environment and antibiotic treatments (14) (15) (16) . These infections are typically caused by pathogens acquired from the hospital environment or already present as colonizers in the transplant recipient (14, 17, 18) . However, cross-transmission of MDR bacteria is also possible from donors infected or colonized by MDR bacteria.
In fact, few reports have dealt with cross-transmission of CPE from organ donors to transplant recipients (18) (19) (20) , but the risk of similar events is expected to increase following the ongoing global spread of CPE (12, 13) . The hypothesis that the infections that occurred in the two transplant recipients were derived from cross-transmission of the K. pneumoniae strain via the transplanted organs is strongly supported by the timing of the infections, by the identity of the K. pneumoniae isolates, including that found in the kidney perfusion fluid, and by the fact that OXA-48-producing K. pneumoniae isolates were very uncommon in Italy at the time of the infections (mid-2011) (21) . The donor was most likely the source of the OXA-48-producing K. pneumoniae isolate. However, since no K. pneumoniae isolate was reported from the cultured donor samples, contamination of the organs at the time of harvesting cannot be excluded. It should be noted that although no specific information was available, the donor had likely been given a broad-spectrum antibiotic regimen, which might have contributed to reducing the detection sensitivity of the cultures for the K. pneumoniae strain.
To our knowledge, this represents the first report of likely donor-derived infections by an OXA-48-producing K. pneumoniae isolate in SOT recipients. In both transplanted patients, the MDR pathogen caused a bacteremic infection associated with infection of the surgical site. The use of an active carbapenem in combination with at least one other active agent was successful in controlling bacteremia, but in one case, it could not control the infection at the surgical site.
Similar findings raised some questions about (i) the adequacy of donor screening protocols for assessment of the risk of transmission of CPE, which is expected to increase due to the recent epidemiological diffusion of CPE, and (ii) the suitability of organs from donors infected or colonized by CPE.
Concerning the first point, investigation of donors for CPE carriage by suitable approaches (e.g., rectal swabbing) would seem mandatory, especially in areas where CPE are endemic. In fact, also following the present observation, the Italian guidelines for evaluation of potential organ donors have been updated to acknowledge the risk of cross-transmission of MDR or panresistant bacteria to recipients and specifically require that donors be screened for these pathogens by suitable microbiological techniques. In this perspective, since transplantation must be done expeditiously to ensure organ viability, while the results of bacteriological cultures collected at the time of organ procurement may become available only after the transplant has been performed, molecular biology can be faster and more sensitive than conventional culture for detection of CPE from organ donors and should be included as an additional approach in the laboratory protocols.
Concerning the second point, it has been suggested that organs from donors colonized with CPE may be considered for transplantation under well-defined conditions (18, 19) . However, the risk of cross-infections in these cases appears to be high, and the potential consequences should be carefully considered.
